Purpose: This study aimed to predict the surgical outcomes of diffuse idiopathic skeletal hyperostosis (DISH)-related dysphagia (DISH-phagia) and to evaluate the importance of prevertebral soft tissue thickness (PVST). Materials and Methods: In total, 21 surgeries (anterior osteophytectomy or anterior cervical decompression and fixation) were included in this study for DISH-phagia from 2003 to 2019. Clinical outcomes were assessed using the Dysphagia Outcome and Severity Scale (DOSS) preoperatively, at 1 month postoperatively, and last follow up (mean 29.5 months). PVST was measured using lateral plain radiographs. Paired t-test and Spearman's correlation test was used to identify relationships between various PVST indices and DOSS. Results: Comparisons were made from 17 patients out of 21, in which the record had all of three measurements. The narrowest PVST preoperatively was 2.55±0.90 mm, with a DOSS score of 4.47±1.61, and that at 1 month after surgery was 5.02±2.33 mm, with a DOSS score of 6.12±1.32. At last follow up, PVST and DOSS values were 3.78±0.92 mm and 5.82±1.34, and three patients experienced symptom relapse. Significant relationships were found between PVST and DOSS at all time points: before surgery (R=0.702, p<0.001), 1 month after surgery (R=0.539, p=0.012), and last follow up (R=0.566, p=0.020). Conclusion: Surgical removal of anterior osteophytes is an effective treatment option for DISH-phagia, and PVST is a useful parameter in DISH-phagia. The goal of DISH surgery should be to remove DISH as much as possible to ensure sufficient PVST postoperatively.
INTRODUCTION
Diffuse idiopathic skeletal hyperostosis (DISH) of the cervical spine is a common spinal degenerative disease observed in 10% to 30% of the general population, 1 and it rarely manifests as dysphagia. Some have regarded it to contribute to stiffness and restricted segmental motion, [2] [3] [4] although in some cases, mechanical compression of the tracheoesophageal complex can result in dysphagia, hoarseness, and even dyspnea. It is presumed that dysphagia or airway obstruction due to cervical DISH is present in only 0.1% to 4% of cases: [5] [6] [7] Some authors refer to it as DISH-phagia, 8 which is a neologism of DISH and dysphagia. The prevalence of DISH-phagia is unknown, as many cases are not reported because of unfamiliarity among physicians with its signs.
The disease course and treatment strategy of DISH-phagia are not established. While a few studies have reported longterm surgical outcomes, [9] [10] [11] [12] no statistical analyses have been performed in this context. This study aimed to outline progno-Surgical Outcomes of Dysphagia Provoked by Diffuse Idiopathic Skeletal Hyperostosis in the Cervical Spine sis after surgery and to predict the surgical outcomes of DISHphagia through radiographic measurements and a review of the course of the disease, including recurrence.
MATERIALS AND METHODS

Patient selection and characteristics
This retrospective, cross-sectional study included patients who were diagnosed with DISH-phagia. Twenty-four surgeries were performed because of dysphagia with severe cervical DISH from 2003 to 2019 in our three institutions by multiple surgeons. Because of the retrospective study design, the need for informed consent was waived. We obtained study approval from the Institutional Review Board of National Health Insurance Service Ilsan Hospital (IRB number: 2019-02-001).
Inclusion criteria were as follows: 1) diagnosis of cervical DISH by a spine surgeon and radiologists using magnetic resonance imaging and computed tomography, 2) definite esophageal compression on laryngoscope or video fluoroscopic swallowing study (VFSS) ( Fig. 1) , 3) preoperative Dysphagia Outcome and Severity Scale (DOSS) score ≤6, 13 and 4) availability of postoperative radiographs after 1 month and last follow up. Exclusion criteria were 1) patients whose anterior osteophyte or hyperostosis protruded at only one level or two levels, which does not fit DISH criteria, 14 2) patients who had other medical diseases that are attributable to dysphagia (e.g., stroke, neuromuscular disease, and advanced lung cancer), and 3) patients who had acute fracture of the osteophyte or hyperostosis, because pain can be a confounding factor.
Measurements and definitions
The severity of dysphagia was scored according to the DOSS. 13 In this scale, the patient is scored from 1 to 7 as follows: severe dysphagia that cannot tolerate anything safely (1), moderate severe dysphagia that tolerates at least one consistency safely with maximum assistance (2), moderate dysphagia in which assistance or supervision is absolutely needed (3), mild-moderate dysphagia that requires intermittent supervision with one or two consistencies restricted (4), mild dysphagia that often needs distant assistance (5) , inconvenience in swallowing within functional limits (6) , and normal in all situations (7) . If the last postoperative DOSS score was lower than the 1-month postoperative DOSS, DISH-phagia was regarded as having recurred. Because DOSS scoring ranges from 1 to 7, we regarded it as a numerical scale, not a categorical scale. Postoperative complications, including hoarseness, dyspnea, motor weakness, were recorded at each outpatient clinic follow up.
Radiographic comparisons were made using true lateral cervical spine plain radiographs. Because the posterior vertebral line (PVL) is well preserved and easily recognized, various parameters in this study were assessed in relation to the PVL, from the C2 lower endplate to the C7 upper endplate. From the upper and lower posterior corners of each vertebra, an imaginary perpendicular line meeting the most anterior portion of the osteophyte was defined as PVL-O (ossified lesion) ( Fig. 2A ), and the posterior border of the trachea was defined as PVL-T (trachea) ( Fig. 2B ). Then, prevertebral soft tissue thickness (PVST) was calculated as PVL-T minus PVL-O ( Fig. 2C ). Since the narrowest preoperative PVST level is thought to be a symptom-provoking lesion, we scrutinized how it changed postoperatively ( Fig. 3 ). Preoperative PVST at each cervical level was compared to data of a normal population from previous reports. Two previous studies (Omercikoglu, et al., 15 n=488 and Rojas, et al., 16 n=192) were referenced for this comparison. Because only a single measurement was taken at each vertebra in those studies, we selected the lower value of the two measurements (upper or lower endplate) for each cervical spine. All radiographic parameters were measured using the Centricity PACS system (GE Healthcare, Chicago, IL, USA). Two neurosurgeons (Y.S.C. and H.Y.Z.) measured the radiologic parameters independently using the same protocol, and the mean values thereof were obtained. Interobserver reliability was evaluated through a two-way random model.
All radiologic parameters and measurements of DOSS were gathered at 1 month after surgery for all patients. Four patients were lost to follow up, and the rest of the patients (n=17) underwent long-term follow up (median: 29.5 months). For them, the last PVST and DOSS date were investigated.
Surgical technique
The surgical techniques included anterior osteophytectomy alone using a high-speed drill (n=17) and anterior osteophy- 
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tectomy with screw and plate fixation (n=4). The choice of surgical technique was based on the surgeon's preference. All surgeons tried to remove osteophytes as much as possible within their surgical visualization. We also considered patient comorbidities, such as cervical radiculopathy and instability for plate fixation. Conventional transverse anterolateral skin incisions were used in all patients. In one patient, two parallel transverse incisions were made. The use of an intraoperative C-arm was not standardized. Postoperatively, the amount and range of osteophyte removal were inconsistent. Since the lateral-to-lateral operation range in the surgical field could not be evaluated on plain radiographs, lateral extension depended on palpation and exposure of the cancellous bone.
Statistical analysis
We used SPSS statistics software, version 25.0 (IBM Corp., Armonk, NY, USA) and GraphPad Prism 8 (GraphPad Inc., San Diego, CA, USA) for analyses. The non-parametric Spearman's 
RESULTS
Initially, 24 patients were included our study; however, one patient was excluded because an anterior osteophyte was noted only on C6/7, which did not meet the definition of DISH. One patient who had an acute fracture of the C2/3 osteophyte and another patient later determined to have amyotrophic lateral sclerosis were also excluded. Finally, we included 21 cases in this study, which is the largest cohort of DISH-phagia reported to date, except in meta-analyses. Patient characteristics and demographics are described in Table 1 .
All patients were men, and 17/21 (81%) of them were older than 60 years of age (mean age 65.5 years). Four patients (19%) had accompanied either ankylosing spondylitis (AS) or peripheral enthesopathy. No one showed major surgical complications, such as esophageal injury, airway obstruction, severe disability or death. Postoperative hoarseness was recorded in 3 (14%) patients, and one (5%) suffered from sustained hoarseness. One patient (5%) showed transient right side weakness and recovered after 1 week. Of all 21 surgical cases, 16 (76%) patients experienced improvement of symptoms after 1 month, whereas 5 (24%) patients remained the same. For the 17 cases in which long-term surveillance (mean 29.5 months) was available, 3 (18%) patients reported recurrence of symptoms and a reduction in DOSS, compared with 1 month after surgery, although an additional operation was not performed.
Preoperative average PVST values at each level were 3.2 mm (C2), 2.9 mm (C3), 3.6 mm (C4), 8.8 mm (C5), 10.6 mm (C6), and 9.5 mm (C7) (Fig. 4) . The narrowest PVST location before surgery was above the C5 upper level in all patients; of these, 12 (57%) were at level C3 (C3 upper or lower). For the 17 longterm surveillance cases, mean PVST (preop: 2.55 mm, postop 1 month: 5.02 mm, and last follow up: 3.78 mm) and DOSS (4.47, 6.12, and 5.82) are listed in Fig. 5 . Improvements in both PVST and DOSS at 1 month after surgery were noted (PVST: from 2.55 to 5.02, p<0.001, DOSS: from 4.47 to 6.12, p=0.001). Significant regression of PVST was observed in the last follow up, compared to 1 month after surgery (from 5.02 to 3.78, p=0.016), although deterioration of DOSS was not statistically significant (from 6.12 to 5.82, p=0.096). The total interobserver reliability of the radiologic measurements for the two neurosurgeons was 0.970, and the intraobserver reliability for measurements of each cervical level ranged from 0.744 to 0.981. Scatter plots for PVST and DOSS score are provided in Fig. 6 . A statistically significant correlation was noted at all times, with R values ranging from 0.539 to 0.702. A regression line was marked on each graph, representing positive correlation between PVST and DOSS. 15 Rojas et al. 16 ). PVST in our data was relatively lower than that of normal values due to the presence of anterior osteophytes. PVST, prevertebral soft tissue thickness. 
DISCUSSION
Historically, Forestier and Rotes-Querol 17 first described DISH as senile ankylosing hyperostosis in 1950. Resnick and Niwayama 14 studied the radiographic and pathologic features of DISH for cadaveric and actual patients, and established diagnostic criteria that are commonly used now. Since the 1980s, there have been case reports in which severe cervical DISH triggered dysphagia due to direct mechanical compression of the esophagus. 8, 12, [18] [19] [20] [21] This condition was called DISH-related dysphagia, and Curtis, et al. 8 first introduced the terminology as "DISHphagia. " Most patients are men, with a predominance of 3:1 to 6:1, 11 and they are older than 60 years of age. In this study, all patients were men, and 81% were older than 60 years. Since 2009, several articles have reported on the results of anterior osteophytectomy in DISH-phagia, although the outcomes were inconsistent. Miyamoto, et al. 10 reported a high recurrence rate in long-term follow-up (five of seven patients), whereas Urrutia and Bono, et al. 12 and Jonathan, et al. 22 achieved symptom relief without recurrence (n=5 and n=3, respectively). However, no analytic paper has been published yet to predict surgical prognosis for DISH. Therefore, to our knowledge, this study is the first to use a large single-institutional database, and this is the first study seeking to predict the surgical outcomes of DISH- In our study, four patients had AS or peripheral enthesopathy. The nature of new bone formation in DISH is thought to be similar in that of AS or peripheral enthesopathy. 23 Nowadays, DISH and AS seem to not be mutually exclusive, rather they may involve common osteoblastic pathways, such as Wnt signaling and NF κB pathway, and can occur simultaneously. 23, 24 In that sense, clinicians should consider the possible presence of AS and peripheral enthesopathy in DISH-phagia patients and vice versa. Meanwhile, many patients (61.9%, 13/21) experience ossification of the posterior longitudinal ligament (OPLL) or ossification of the ligamentum flavum (OLF) as comorbidities. Tsukahara, et al., 25 a Japanese OPLL and DISH research group, proposed the idea that mutation of the collagen 6A1 gene encoding the alpha chain of collagen type IV leads to osteoblast hyperactivity and hyperostosis of the vertebra. Further basic research is needed to investigate the common mechanisms of DISH, AS, OPLL, and OLF.
This study is the first study of the importance of soft tissue, not the osteophyte itself. Measuring osteophyte thickness is quite ambiguous because the cortical margin of the anterior vertebral body is not clear generally. Additionally, the osteophyte thickness is not proportionate to the severity of esophageal compression. Instead, measuring the narrowest PVST (PVL-T minus PVL-O) is not only simple and repeatable, but it also reflects the compression more intuitively. We identified a meaningful correlation between PVST and DOSS in all times, confirming that PVST is a good indicator for DISH-phagia. Therefore, we hypothesized that the narrowest preoperative PVST level is the most compressive level and that securing sufficient postoperative PVST is a key to surgery. The narrowest PVST location was above the C5 in all patients in this study; of these, 12 (57%) were at C3. Moreover, PVST values in each level were narrower than those in healthy populations (Fig. 4 ). 15, 16 Until now, there have been many debates over which level of osteophyte is most contributable to dysphagia: C3/4 vs. C4 vs. C4/5. 7, 11, 22 Because the transitional zone between the oropharynx and hypopharynx and the rigid anterior structure is located at C3 as hyoid bone and epiglottis, level C3 is thought to be the most problematic area. 26 This was easily observed through VFSS or a laryngoscope.
We investigated how PVST changes postoperatively and its clinical relevance with dysphagia. Radiological and clinical improvement was achieved after 1 month, and the long-term clinical recurrence rate was quite low (3/17), thus suggesting surgical removal of DISH an efficient strategy for treating DISHphagia. Meanwhile, however, our results showed the possibility of recurrence regarding a decrease in PVST when it comes to long-term follow up (Fig. 5 ). While no additional surgery was performed in this study, reoperation might be considered if we do a study with larger population, due to the nature of ceaseless bony growth. To avoid additional operations and obtain a satisfactory result, surgeons should aim to attain as much prevertebral space as possible through the first surgery.
It is still debatable whether anterior support by the screw and plate system is necessary. According to a systematic review by Verlaan, et al., 7 a simple osteophytectomy through an anterolateral approach is the most widely used surgical method. In contrast, von der Hoeh, et al. 27 used a stand-alone polyetheretherketone cage in four patients and plate fixation in two patients. Although statistical analysis was not made due to the small numbers of plate fixation and fusion operation (n=4), in our perspective, simple osteophytectomy alone showed more favorable results in DOSS change than plate fixation group (1.82±1.85 vs. 1.00±0.00, p=0.511), and plate can sometimes trigger swallowing difficulty due to its volume effect. There are debates over whether anterior cervical plate fixation is useful. Some, including the present authors, consider that screw and plate fixation can cause additional esophageal compression, 28 while others argue that a plate itself is not relevant to swallowing difficulties. 29 Theoretically, a plate and screws would occupy space and contribute to PVST narrowing; however , it may also act as a physical barrier and suppress bony overgrowth. It is not certain that fixation surgery with a plate is superior or inferior to simple osteophytectomy in DISH-phagia. Further research with more patients and longer follow up is needed.
We found that a laryngoscope and VFSS provide good information for evaluating and diagnosing DISH-phagia. VFSS is effective for evaluating symptoms and level of swallowing failure. 30 It is also useful as a follow-up study. Due to the lack of recognition of the usefulness of VFSS in the early period of this study, not all patients underwent VFSS preoperatively. In those cases, laryngoscope-guided diagnosis was made via consultation with otorhinolaryngologists. The laryngoscope shows great visualization of the actual compression and which level is the most problematic in patients with DISH-phagia, although dynamic visualization of swallowing is not feasible. Recently, a novel study suggested that combination of VFSS and esophagoscope is helpful to minimize the incomplete diagnosis in swallowing disorder. 31 During surgery, the intraoperative C-arm can provide helpful information to determine the degree of bone drilling, both cephalocaudally and anteroposteriorly. In our cases, the use of C-arm fluoroscopy was not standardized in the initial period, and results were inconsistent, with relapse of dysphagia occurring, contrary to the favorable results when intraoperative C-arm monitoring was routinely used in the later period. We recommend careful surgery under the use of intraoperative fluoroscopic devices to confirm complete DISH removal, with a nasogastric tube inserted for checking the esophagus position.
This study has limitations, such as its retrospective design, and we failed to find various conditions and measurements other than PVST as a contributing factor for DISH-phagia. Because many different surgeons were involved independently, the lack of standardization of decisions on surgical procedure is another weak point. DISH-phagia is a rare disease and also difficult to diagnose, and applying a standardized procedure for a single surgeon or single center was nearly impossible. For the same reason, the regular examination of patients was not carried out, such that comparative analysis could not be clearly performed in the same period after the surgery. To overcome these limitations, standardized research is in progress, including regular follow-up every 6 months. In this study, we focused on gathering as many cases as possible to discover novel parameters reflective of surgical outcomes of DISH-phagia. Below the cricoid cartilage level (below C5), overestimation of the PVST occurs because the esophagus does not adhere to the trachea. In our study, this was ignorable because all patients had the "most problematic" level above the C5 upper endplate. In addition, unlike other studies that adopted the simple 0-3 dysphagia scale, 7, 10, 21, 22 we used a seven-point scale (DOSS), which is more complex and has higher statistical power. Although some limitations exist, the authors are sure that this study will be helpful to understanding the nature of and predicting surgical outcomes for DISH-phagia, and we propose the clinical importance of PVST in patients with DISHphagia, rather than osteophyte thickness.
